Abstract. In this paper, a method for measuring 3D cognitive load is proposed. For that, 8-channel EEG data when watching 2D and 3D displays are 2-dimensionally reduced using principal component analysis then the reduced features are visualized and compared. Consequently, we confirmed that the difference between two feature distributions of watching 2D and 3D at early stage was significant then the difference was reduced through watching time flow. The result can be analyzed that the cognitive load caused by 3D binocular visual combination at early stage and the adaptation of 3D watching time.
Introduction
Recently, 3D display fields are rapidly grown. For example, numerous movies and animations are released and supplied through theater and IPTV. When people are watching the 3D display, they could feel cyber-sickness which cannot be felt in watching 2D display. For example, people could be often sensed visual fatigue, disgust or dizziness during watching the 3D movies or animation. To quantitatively measure such cyber-sickness, researchers have been studied comparative physical reactions of the people when watching 2D and 3D display [1] [2] .
In works, several researches have been performed by using image or signal based methods. Previous works focused on comparing difference of the amount of fatigues caused by watching 2D and 3D display. However, these researches were performed under the assumption that 3D caused more fatigue than 2D. Especially, EEG signal based research should be focused on the visual cognitive process rather than the fatigue.
Therefore, EEG temporal tendencies of watching 2D and 3D displays are visualized and analyzed in this paper. 8-channel EEG signals are 2-dimensionally visualized by dimension reduction using Principal Component Analysis (PCA). By comparatively analyzing the tendencies, the visual cognitive processes for watching 2D and 3D can be estimated.
Proposed Methods
In this experiment 30 subjects were participated. They had enough sleep and did not consume caffeine, alcohol and cigarettes in the 12 hours prior to the experiment. In this experiment, a 30 minutes clip of a 3D enabled movie was used. For this experiment, the 30 subjects were randomly assigned into two groups that watched the 2D or 3D display respectively. When watching the display, subjects wore a device which could measure EEG signals and sat a comfortable chair at a 50 cm distance from the display.
As shown in Fig Obtained EEG temporal signals were transformed into frequency domain by performing Short Time Fourier Transform (STFT) at every 1 second region. After that, the total amount of magnitude at beta bandwidth (14~30Hz) was calculated as feature which generally means human state of tension or concentration. Consequently, 1,800 (sec) × 8 (channels) features of each subject can be obtained. 
Results and Discussion
The obtained eigenvalues (ev n ) and their corresponding eigenvectors (EV n ) which were calculated by performing PCA of 8-channel features of frequency bands. In here, all features of watching both 2D and 3D were used in order to obtain non-biased eigenvectors against 2D or 3D features. Among the obtained 8 eigenvectors, only two eigenvectors should be selected as axes for dimension reduction. Because the 8 eigenvalues and their corresponding eigenvectors were obtained from the 8×8 covariance matrix, the calculated eigenvalue mean variance of the dimension reduced features onto the corresponding eigenvector.
After orthogonal projection of features onto an eigenvector, the greater variance means features' well representation because the distance between two dimension reduced features is greater. Therefore, two eigenvectors having the greatest eigenvalues such as EV 7 and EV 8 were selected for visualization of EEG features. EEG signals were visualized on every 10mins for analyzing detail. As shown in Fig. 3 (b) and (c), visualized signals were not represented difference. Also generally, fatigue is defined by the reaction which is felt by long-term experiments in body. As Advanced Science and Technology Letters Vol.96 (IRTT 2015) shown in Fig. 3 (a) to (c) , visualized 2D signals and 3D signals are getting more similar as time goes on. As a result, the factors that caused fatigue were almost similar when watching both 2D and 3D display. However, the difference was represented by two groups as shown in Fig. 3 (a) . Visualized signals were concentrated in watching 3D display more than watching 2D display. In the other words, EEG signals by stimulation of 3D display than 2D display are focused on a specific position at the beginning of watching. As a result, a special stimulus was found by watching the 3D display.
Conclusions
In this paper, two dimensional visualization of cognitive feature distribution were performed by using the acquired EEG data from 8-electrodes when watching 2D and 3D displays. In the experiments, 8-channel EEG data was visualized and analyzed by dimension reduction using PCA. Result showed that the visualized EEG feature distributions of watching 2D and 3D at early stage were different then the distributions became similar according as the flow of watching time. From that, greater 3D visual cognitive load at early stage became to stabilize according as the flow of watching time.
In future works, we will perform additional experiments for long time watching such as longer that one hour. From that, the cognitive tendency of human brain when watching 3D display will be more accurately analyzed. Also, we will find connectivity between EEG features and autonomic nervous system features.
